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Introduction
One of the main threats to biodiversity in the
Netherlands is habitat fragmentation due to an-
thropogenic induced changes in land use. This
threat is caused not only by the direct loss of
habitat and hence the loss of area in which
wildlife species may occur, but also by a de-
crease in habitat connectivity. The on-going con-
struction and widening of transport corridors is
one of the main causes of the problem of habitat
fragmentation. Besides directly contributing to
loss of habitat, transport corridors form barriers
to wildlife movements, increase wildlife mortal-
ity due to collisions, and reduce habitat quality in
adjacent areas due to e.g. disturbance or pollu-
tants (Forman & Alexander 1998, van der Grift
& Kuijsters 1998, Trombulak & Frissell 2000,
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Spellerberg 2002, Forman et al. 2003). As a re-
sult, population viability may be reduced or (lo-
cal) populations may even become extinct (Op-
dam et al. 1993, van der Grift et al. 2003, Trocmé
et al. 2003).
For many terrestrial mammal species, the bar-
rier effect of roads and railroads is evident (van
der Grift 1999, Spellerberg 2002). This may be
the result of either the physical characteristics of
the infrastructure (e.g. the presence of fences,
concrete barriers, noise screens) that simply pre-
vent animals from crossing, or may be caused by
inducing a change in animal behaviour (e.g. Huij-
ser 2000, James & Stuart-Smith 2000, Goosem
2002, Chruszcz et al. 2003, Kaczensky et al.
2003). The disturbance created by traffic in the
transport corridor, the danger of getting killed by
passing traffic or the risk of predation while
crossing the linear clearing, may make animals
reluctant to cross the infrastructure or even lead
to them avoiding the (rail)road area altogether. In
case of physical obstacles the barrier is absolute.
In case of shifts in behaviour the barrier is usual-
ly only partial: animals do cross, but less than
they would if the (rail)road was not there. In both
cases, however, roads and railroads divide habi-
tats, reduce the exchange of animals between (lo-
cal) populations and often reduce gene flow, all
of which affect population viability.
Increasingly wildlife crossing structures, e.g.
overpasses and underpasses, are being incorpo-
rated in transport corridor schemes to mitigate
the barrier effect and restore habitat connecti-
vity. Surveys show that such wildlife crossing
structures are used by a variety of mammal
species, usually soon after construction (see e.g.
Bekker et al. 2001, Trocmé et al. 2003). Little is
known, however, about how the attributes of
these structures and of the surrounding land-
scape affect their acceptance and use by wildlife
(Romin & Bissonette 1996, but see Hunt et al.
1987, Brandjes et al. 2001, Ng et al. 2004). Fur-
thermore, most studies that do address these
questions focus on large mammal species, such
as ungulates and large carnivores (i.e. Foster &
Humphrey 1995, Clevenger & Waltho 2000,
Cain et al. 2003, Clevenger & Waltho 2005).
Several studies show that wildlife crossing
structures such as badger pipes, drainage cul-
verts and amphibian underpasses are used by
small mustelids, such as stoat (Mustela erminea)
and weasel (Mustela nivalis) (Yanes et al. 1995,
Brandjes et al. 2001, Clevenger et al. 2001, an
overview in Brandjes et al. 2002). Both species
of carnivore are likely to be sensitive to habitat
fragmentation by infrastructural barriers as they
often have large home ranges and consequently
have to cross roads and railroads frequently
during their daily territorial movements. In addi-
tion these small mustelids, especially young
males, run the risk of getting killed during dis-
persal (Van Gompel 1992). Road mortality is
considered to be one of the reasons for the
decline in number of stoats in the Netherlands
(Pelzers 1992a).
Several studies have addressed the question of
the effectiveness of wildlife crossing structures
for Mustela species. Landscape attributes are
likely to be of particular importance for such
small carnivores, because of their preference for
cover and avoidance of open areas (Pelzers
1992a, Pelzers 1992b, Canters & Broekhuizen
1998). Yanes et al. (1995) showed that for all
studied carnivores – including weasel – crossing
frequency was negatively correlated with the un-
derpass length and the height of boundary fences
situated between the underpasses and the sur-
rounding landscape. Vegetation in the surround-
ing area was not found to have a discernible
effect (Yanes et al. 1995). Brandjes et al. (2002)
found similar results. They also showed a nega-
tive correlation between underpass length and
use by Mustela species. Landscape attributes,
e.g. the percentage of cover adjacent to the un-
derpass or the distance to cover, did not seem to
have an effect. Elsewhere the same authors have
proven landscape openness to affect underpass
use by weasel significantly, with the highest
crossing rates in half-open landscapes (small-
scale agricultural landscape), medium crossing
rates in open landscapes (large-scale agricultural
landscape) and the lowest crossing rates in
closed landscapes (forests and (sub)urban areas)
(Brandjes et al. 2001). Furthermore, they showed
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that the widening of ledges in culverts signifi-
cantly increased weasel crossing rates. However,
neither of these factors had an effect on stoats
(Brandjes et al. 2001). Clevenger & Waltho
(1999) and Clevenger et al. (2001) found a posi-
tive correlation between underpass use by
Mustela sp. and underpass length, traffic volume
and culvert height. They found a negative corre-
lation for the percentage of forest cover adjacent
to the underpasses, the distance from the under-
pass to cover, the underpass age, its aperture (i.e.
through-underpass visibility), underpass open-
ness (i.e. width x height / length), mean snow
depth and noise level (Clevenger & Waltho
1999, Clevenger et al. 2001). Obviously there
are some ambiguities within these studies: the
effect of underpass length has been assessed dif-
ferently and only Clevenger & Waltho (1999),
Clevenger et al. (2001) and, to some extent,
Brandjes et al. (2001) assessed effects of land-
scape attributes on crossing rates by small
mustelids. It is hard to arrive at definitive
conclusions because of the limited number of
studies.
Without pretensions to answer all questions
raised in earlier studies, the objective of our
study, which can be classified as a pilot-study,
was to explore the possible impact of landscape
attributes on the use of small wildlife crossing
structures by stoat and weasel. Furthermore, we
aimed to provide recommendations for future re-
search to support the planning and design of ef-
fective wildlife underpasses for small mustelids.
Materials and methods
Study area
We selected 14 wildlife crossing structures
which are more or less similar in design, all
along a twelve kilometre stretch of railroad be-
tween the cities of Boxtel and Eindhoven in the
south of the Netherlands (51º29’N, 5º25’E; fig-
ure 1). The railroad is four-track with carrying an
average of 26 trains per hour. In this area the rail-
road passes through woodlands, small-scale
agricultural land and suburban areas (Bakker
1997). Weasel and stoat were known to be pre-
sent here (Pelzers 1992a, Pelzers 1992b).
Wildlife underpasses
All 14 underpasses are rectangular with an iden-
tical width (0.6 m) and height (0.3 m) (table 1;
photo 1). Their length varied between 19 and 32
m (table 1). Some were designed with grates on
top positioned between the railroad tracks and/or
on the ends of the passageway (table 1; photo 2).
These grates were placed to improve visibility,
which was expected to increase underpass ac-
ceptance and use by amphibians and reptiles
(Bakker et al. 1991). The underpasses were con-
structed between 1998 and 2003 when the rail-
road was expanded from two to four tracks (table
1). Animal-proof fences, to keep animals off the
railroad and simultaneously guide them towards
the wildlife underpasses, were not constructed.
Eight of the underpasses were situated in rural
areas: two in woodlands and six in small-scale
farmland with patches of woodland and hedges
(table 1). The other six were situated in the sub-
urban area of Eindhoven: four near a golf-
course, industrial zone and some small-scale
farmland with small patches of woodland and
two in woodland with sports fields and some
scattered buildings (table 1).
Underpass attributes
Our interest was in identifying whether (and to
what extent) landscape attributes influence
mustelid use of wildlife underpasses. By select-
ing underpasses of one single type, which were
all located underneath the same railroad, we
aimed to minimise differences in structural vari-
ables of the underpasses as well as differences in
barrier-related variables, i.e. characteristics of
the transport infrastructure itself, such as traffic
volume, noise level and railroad width. The un-
derpasses were too small for human use, hence
anthropogenic variables, such as differences in
human co-use, could also be avoided. This ap-
proach helped us to decrease co-variables.
Van Vuurde & Van der Grift / Lutra 2005 48 (2): 91-108 93
94 Van Vuurde & Van der Grift / Lutra 2005 48 (2): 91-108
Figure 1. 
Locations of
the 14 under-
passes across
the four-track
railroad 
between 
Boxtel and
Eindhoven.
We studied the correlation between underpass
use by small mustelids and three landscape vari-
ables: distance to cover (LC), distance to nearest
building (LB), and distance to nearest parallel
road (LP) (table 2). Two structural attributes, un-
derpass length (SL) and percentage of underpass
covered by grates (SG), and one ecological at-
tribute, crossing rate of predators (EP), varied
between underpasses and were thus included as
co-variables (table 2). Because width and height
were identical for all underpasses, SL also re-
flects underpass openness (= width x height /
length). The ecological co-variable EP was se-
lected after it had become clear that some under-
passes were used by feral cats (Felis catus) and
red fox (Vulpes vulpes), which are known to kill
weasels and stoats (Dijkstra 2000, Lange et al.
1994). The values for LC, SL and SG were mea-
sured in the field. LB and LP were measured in
the field if the distance was <20 m. LB and LP
were measured from topographic maps with a
scale of 1:1,000 if the distance was 20-150 m and
maps with a scale of 1:25,000 if the distance was
>150 m (see table 3). If the values of landscape
variables differed between both sides of an un-
derpass, we expected that the ‘unfavourable’
landscape would be the one limiting the number
of crossings in both directions. In such situations
the most unfavourable values were the ones
recorded and used in the analysis.
Recording of crossings
We monitored animal crossings in all underpas-
ses from 28 August 2003 through to 23 October
2003. Tracks were collected by using track-
plates (width = 0.6 m, length = 2.4 m) with an
ink-bed in the middle, made of cloths saturated
with a blend of paraffin oil and pulverised char-
coal, and wall-paper on both sides to record the
prints of passing animals (Brandjes & Smit
1996, Smit 1996, Huijser & Bergers 2000,
Brandjes & Veenbaas 1998, Brandjes et al. 2002;
figure 2). This method, using a neutral ink, is
considered unlikely to affect the health of medi-
um-sized mammals, such as mustelids (Brandjes
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Table 1. Location and design characteristics of the selected underpasses along the railroad between Boxtel and
Eindhoven. W = width; H = height; L = length.
Under- Position Year Design Landscape type
pass along of W H L grate Code Land use
railroad construction (m) (m) (m) (m)
1 Km 43.34 1998 0.6 0.3 32 9 A rural - woodland
2 Km 43.73 1998 0.6 0.3 30 9 A rural - woodland
3 Km 44.97 1998 0.6 0.3 22 2 B rural - small-scale farmland
4 Km 45.13 1998 0.6 0.3 31.5 0 B rural - small-scale farmland
5 Km 45.48 1998 0.6 0.3 19 2 B rural - small-scale farmland
6 Km 45.85 1998 0.6 0.3 19.5 2 B rural - small-scale farmland
7 Km 46.11 2003 0.6 0.3 20 2 B rural - small-scale farmland
8 Km 46.46 2003 0.6 0.3 20 2 B rural - small-scale farmland
9 Km 51.57 2003 0.6 0.3 28 2 C suburban - farmland, golf,
industries
10 Km 51.83 2003 0.6 0.3 23 2 C suburban - farmland, golf,
industries
11 Km 52.00 2001 0.6 0.3 21 0 C suburban - farmland, golf,
industries
12 Km 52.25 2001 0.6 0.3 21 0 C suburban - farmland, golf,
industries
13 Km 54.36 2001 0.6 0.3 22.5 2 D suburban - woodland,
sports fields, houses
14 Km 55.40 2001 0.6 0.3 22.5 4 D suburban - woodland,
sports fields, houses
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Photo 2. Grates on top of the wildlife underpasses. Photograph: Maarten van Vuurde.
Photo 1. One of the 14 studied wildlife underpasses. Photograph: Maarten van Vuurde.
et al. 1999). We collected the two pieces of paper
from every track-plate after an average of eight
days (photo 3). One track-plate was used at each
underpass and was placed about one metre inside
the underpass. Long ink-beds (length = 0.6 m)
were used to reduce the chance of animals jump-
ing over them. No baits were used.
Data analyses
We identified all the animal tracks on the track-
papers following Lange et al. (1986), Lange et
al. (1994), Oord (1996) and Van Diepenbeek
(1999). It is known there is an overlap in size be-
tween the tracks of weasel and stoat, especially
of male weasel and female stoat. We therefore
considered both species as one group: ‘small
mustelids’. The behaviour and preferred habitat
are known to be quite similar for both species
(Lange et al. 1994), hence, we presumed the in-
fluence of landscape variables on the crossing
rates of the two species to be the same. For each
underpass we estimated the number of track sets
per animal species (or species group) and cros-
sing direction. We defined the crossing rate as
the mean daily number of track sets (in both di-
rections) detected in an underpass. Operative
days were the days in which recording of tracks
was done successfully.
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Table 2. Studied variables and their expected correlation with the crossing rate of weasel and stoat: + = positive
correlation expected; - = negative correlation expected; 0 = no effect expected.
Variables Code Definition Expected correlation
Landscape attributes
Cover LC Distance to the nearest natural cover (m), –
e.g. shrubs, hedges, trees (height >1.5 m), connected to
larger habitat patches or linear elements (>100 m2)
Building LB Distance to the nearest building (m) +
Parallel road LP Distance to the nearest parallel road (m) +
Structural attributes
Length SL Underpass length / openness (m) –
Grate SG Proportion of underpass with grate on top (%) 0 (-?)
Ecological attribute
Predator use EP Average number of crossings by feral cat/red fox (day-1) –
Table 3. The values of studied landscape, structural and ecological attributes for each underpass.
Underpass LC (m) LB (m) LP (m) SL (m) SG (%) EP (day-1)
1 0 375 750 32.0 28 0.00
2 0 675 775 30.0 30 0.00
3 4 128 600 22.0 9 0.00
4 1 23 850 31.5 0 0.36
5 4 90 850 19.0 11 0.00
6 4 250 875 19.5 10 0.00
7 4 250 9.5 20.0 10 0.00
8 9 44 9 20.0 10 0.11
9 7 26 44 28.0 7 0.00
10 18 50 46 23.0 9 0.00
11 0 150 400 21.0 0 0.00
12 1 40 850 21.0 0 0.00
13 16 135 260 22.5 9 0.00
14 18 54 5.5 22.5 18 0.04
Differences in crossing rates between underpass-
es may just be a reflection of differences in
mustelid densities within the study area, about
which nothing was known. Therefore, we tested
for correlations between the crossing rates of
mustelids and differences in landscape type
(types A-D; see table 1). Mustelid densities, as
well as size and shape of home ranges, are
known to vary between landscape types (Mur-
phy & Dowding 1994) and correlations between
underpass use and landscape type have been as-
sessed before (see Brandjes et al. 2001).
We analysed the number of crossings with a
loglinear regression model, a generalised linear
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Figure 2. Weasel and stoat
tracks were recorded as
ink-prints on track-plates
(scale in cm).
Photo 3. The two pieces of paper on the track-plates were collected and replaced after an average of eight days.
Photograph: Els van Vuurde.
model with a Poisson distribution and a logarith-
mic link function (McCullagh & Nelder 1989).
We thus modelled the relationship between the
mean µ of the Poisson distribution and the vari-
ables by log(µ) = constant + predictor variables.
Over-dispersion was accounted for by inflating
the variance with an over-dispersion parameter.
Consequently, deviance ratios were employed for
significance testing. We assumed that the number
of crossings was proportional to the number of
operative days per underpass and thus we used
the logarithm of the number of operational days
as an offset in the regression model. The predic-
tor variables LB and LP had a very large range
(table 3) and so we log-transformed them.
Results
In total we recorded 941 crossings for all animal
species (table 4). Weasel and stoat used under-
passes in all four landscape types: 146 weasel and
stoat crossings were detected in eleven underpass-
es (table 5). Hence, mustelid crossings comprised
15.5% of all crossings, found in 78.6% of the un-
derpasses. The highest number of crossings (38)
by small mustelids was found in underpass 7.
Crossing rates varied between 0.00 and 0.68 (av-
erage: 0.19) crossings per underpass per day.
Track set numbers of small mustelids differed
from 0 to 8 at individual inspections. The under-
passes were used by at least 10 other animal
species or species groups (table 4), with each un-
derpass being used by an average of 3.6-4.1
species (groups). In underpasses (n=11) used by
small mustelids, the average number of species
(groups) using the underpass was 3.9-4.5. Feral
cats were recorded 27 times, using only under-
passes 4, 8 and 14. Red fox was recorded only
once: in underpass 4. Predator crossings com-
prised 3.0% of all crossings (table 4).
No significant differences in crossing rates be-
tween landscape types were found (P=0.523).
Although the number of observations was rela-
tively small, we assumed population densities to
be equal across the whole study area and hence
did not use landscape type as a forced factor in
the correlation analyses. We found a negative
correlation between the crossing rates of small
mustelids and the distance to cover (LC:
P=0.019; b=-0.15, se=0.07). Although not sig-
nificant, there was an indication of a positive
correlation between crossing rates and the dis-
tance to the nearest buildings (logLB: P=0.067;
b=0.56, se=0.28). No correlation was found be-
tween the use of underpasses by stoat and weasel
and the distance to parallel roads (logLP:
P=0.756). No correlation was found between
crossing rates and the co-variables SL, SG and
EC. Adding these co-variables, logLB or logLP
to the regression model with LC did not produce
significant improvements of the model with LC.
Similarly, adding the co-variables LC or logLP
to the regression model with logLB did not pro-
duce significant improvements of the model with
logLB.
Discussion
Weasel and stoat used a large proportion of the
studied underpasses (~80%) and the number of
mustelid passages comprised a substantial part
of all crossings (~15%). By comparison, Brand-
jes et al. (2002) found that 44% of studied under-
passes (circular wildlife tunnels; n=50) were
used by small mustelids, and small mustelid
crossing numbers comprised no more than ~8%
of all crossings. These differences may possibly
be a result of their inclusion of extremely long
(>40 m) underpasses. The high number of small
mustelid crossings in our study was even more
surprising, because no animal-proof fences had
been constructed along the railroad that would
prevent the animals from crossing the railroad
elsewhere and which would also guide the ani-
mals to the underpasses. Although no informa-
tion is available about how many small mustelid
crossings still take place over the railroad tracks,
it appears that the underpasses offer an attractive
passageway, at least for some individuals.
Although our survey period was limited to
eight weeks in August-October, a period in
which young animals show high dispersal rates
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(Van Gompel 1992), we believe that crossing
rates in our survey reflect life history traits of
both weasel and stoat in general. There is no par-
ticular period or season in which these mustelids
show (extremely) low activity. The high metabo-
lism rates of weasel lead to high levels of day
and night time activity, interspersed with short
breaks, throughout the whole year (Verkem et al.
2003). High levels of day time activity can also
be seen in female stoats with young (Lange et al.
1994). Yanes et al. (1995) found little seasonal
variability in use of underpasses by carnivores,
including weasel, although crossing numbers in
spring were lower. Both species often have large
home ranges (weasel: up to 25 ha; stoat: up to 50
ha) and consequently the animals frequently
have to cross roads and railroads during their
daily territorial movements. Home range size is
found to be largely dependent on prey densities
(Lange et al. 1994). Hence, in years with high
prey densities crossing rates at transport barriers
may decrease.
Crossings of small mustelids were found in
tunnels of all age classes, which differed be-
tween 0 (n=4), 2 (n=4) and 5 (n=6) years (see
table 1). Apparently, small mustelids quickly be-
come habituated to the new crossing structures.
We assumed that every small mustelid record-
ed on the track-plates did cross the railroad, and
did not only visit the underpass and leave again
on the same side. This assumption was support-
ed by the fact that there were often differences
between the number of track sets of animals
going in opposite directions at single inspections
of single track-plates. Furthermore, no tracks
were recorded of animals which had turned
around at the track-plates. Mud prints instead of
ink prints on the track-plates could have indi-
cated that animals were jumping over the ink-
beds (see e.g. Brandjes et al. 2002), thus reflec-
ting a ‘barrier-effect’ by the ink-beds. However,
we found no such evidence.
We found that differences in crossing rates of
small mustelids were significantly correlated
with the distance to the nearest natural element
providing cover. As expected, there were more
crossings by weasel and stoat when shrubs,
hedges and woodlands were close by. Our results
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Table 5. The number of operative days, the total number of crossings and the crossing rates of weasel and stoat
for each underpass.
Underpass Number of Total number Average number
operative days of crossings of crossings
by weasel and stoat by weasel and stoat
(both directions) (day-1)
1 49 9 0.18
2 56 26 0.46
3 56 7 0.13
4 56 6 0.11
5 56 1 0.02
6 56 13 0.23
7 56 38 0.68
8 56 0 0.00
9 56 0 0.00
10 56 2 0.04
11 56 14 0.25
12 56 27 0.48
13 56 0 0.00
14 56 3 0.05
Total 777 146 –
Average – – 0.19
generally correspond with earlier studies by
Clevenger & Waltho (1999) and Clevenger et al.
(2001) in which distance to cover, trees or shrubs
>1.5 m high, was a significant factor, with a
negative correlation for underpass use by small
mustelids. By contrast, Brandjes et al. (2002) did
not find a significant effect of distance to cover
on crossing rates by weasel or stoat. A possible
explanation for these differences is different data
treatment. Brandjes et al. (2002) averaged dis-
tances to cover on both sides of the passages,
thus averaging extreme distance values, while in
our study the most unfavourable distance of both
underpass sides was used in the analysis.
A twofold explanation can be provided for the
effect of distance to cover on crossing rates: (1)
species that prefer habitats with abundant cover
for hiding would feel an even stronger need for
protective vegetation in inhospitable environ-
ments, such as open railroad corridors (see also
Clevenger & Waltho 2005), and (2) landscape
elements that provide cover, simultaneously
direct the animals towards the underpass en-
trances and thus help them find the passageways.
The high number of crossings suggests that daily
use by local animals (home range movements) is
more important than underpass use by dispersing
animals. If this assumption is true, we believe
that the effect of distance to cover on small
mustelid crossings was mainly a result of the
preference for cover, and less a result of guiding
the animals.
Although distance to buildings was not signi-
ficantly correlated with crossing rates, we did
find an indication of a positive correlation, as we
had expected. Crossing rates seemed to decrease
when buildings were close by. Human activity
around buildings is believed to decrease the at-
tractiveness of an underpass for small mustelids.
We assume that the effect of distance to build-
ings might be proven to be significant if the un-
derpasses are monitored for a longer period.
Distance to roads parallel to the railroad did
not show a correlation with crossing rates. This
may be due to the fact that all the roads at short
distances from the underpasses (<100 m) were
local roads, with (very) low traffic volumes after
dark. Telemetry studies showed that such roads
form little to no barrier for small mustelids, due
to their mainly nocturnal life style and mobility
(Murphy & Dowding 1994).
We did not find any significant correlation be-
tween crossing rates and the structural or ecolog-
ical co-variables. This is not surprising because
in selecting the underpasses we had tried to stan-
dardise these variables as much as possible. Al-
though underpass length and openness were like-
ly to affect crossing rates (see e.g. Yanes et al.
1995, Clevenger & Waltho 1999), these vari-
ables showed no correlation, due to the small
variation in underpass length in our study (maxi-
mum difference: 13 m). Brandjes et al. (2002)
had found that tunnel length, split in two classes
(≤40 m and >40 m) was the only attribute which
showed a significant negative correlation with
crossing rates of small mustelids who preferred
underpasses of ≤40 m. 
No correlation was found for crossing rates
and the percentage of underpass length with
grates on top. The impact of grates on the cros-
sing rates of small mustelids is hard to predict.
No research has yet been published which stud-
ies this relationship. Although the absence of a
correlation can be the result of the (intended)
small difference in grate length between the
studied underpasses, we hypothesized that grate
length would have no effect on underpass use by
small mustelids. Grates were constructed in or-
der to reduce the ‘tunnel effect’ for amphibians
and reptiles and improve micro-climate in the
passageway. It is unlikely that small mustelids,
which often use underground tunnels dug by
mice and moles, are sensitive to such effects
(King 1989). One may even argue that under-
passes without grates on top would be more suit-
able for small mustelids. Other studies have
revealed that some mammal use of highway
underpasses was negatively affected by the
presence of openings between the lanes, because
of increased noise levels in the underpass (Cle-
venger & Waltho 2005). Noise from passing
trains may stress the animals while passing
through the underpasses and potentially restrict
their acceptance of the tunnels as passageways.
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A comparison of crossing rates of underpas-
ses that show large variance in grate length 
(0-100%) is needed to fill these knowledge gaps.
There is some evidence that wildlife crossing
structures can be used by predators to capture
prey (Little et al. 2002, Cain et al. 2003, Little
2003). This may lead to prey species avoiding
using the passageways. However, we found no
indications for such behavioural responses in
prey species. Underpasses with high crossing
rates for small mustelids also often had high
crossing rates by their prey species, such as
mice, voles, shrews or amphibians. The use of
underpasses by weasel and stoat, themselves fre-
quently killed by feral cat and red fox, also
showed no correlation with the crossing rates of
their potential predators. The absence of such a
correlation may be due to the small number of
feral cat and red fox crossings and their use of
only a limited number of underpasses. Even with
a much larger sample size, however, Brandjes et
al. (2002) did not find a significant effect of co-
use by feral cats on the crossing rates by weasel
or stoat.
Recommendations for future
research
We indirectly tested for differences in the densi-
ties of small mustelids within the study area by
using landscape type as a variable. We did so for
practical reasons: data on mustelid densities
around the studied railroad were unavailable.
However, we do recommend including animal
density estimations in studies that seek to iden-
tify variables that affect crossing structure per-
formance (see also Hardy et al. 2003). In study
areas where snow tracking in winter is not an op-
tion, referential track-plates can be used (see 
e.g. Yanes et al. 1995, Brown & Miller 1998,
Huijser & Bergers 2000, Brandjes et al. 2002) or
capture-mark-recapture studies can be set up.
The advantage is that corrections for (even
small) differences in mustelid densities can be
made in the correlation analyses between cros-
sing rates and landscape variables.
The use of track-plates provides results in
crossing rates by species or species group, but
usually cannot provide information about the
number of individuals that used the underpasses
(Brandjes & Smit 1996). Such information is es-
sential, however, to draw any conclusions about
the effectiveness of underpasses as habitat con-
nectors and measures to ensure the viability of
(local) populations. The use of subcutaneous
radio tags, i.e. Passive Integrated Transponders
(PIT), may be a helpful tool for studying the use
of underpasses by individual animals. These
allow the recording of the exact number of cros-
sings made by one individual, by using receivers
inside the passages (Kenward 2001). An even
better option, although more time-consuming, is
the use of radio collars. Individual animal move-
ments can be followed more precisely, both
within and outside the railroad corridor, which
may provide information about habitat use,
home range size, underpass preference, crossing
rates in underpasses, frequency and locations of
crossings elsewhere over the railroad tracks, and
mortality due to collisions with trains (see e.g.
Murphy & Dowding 1994, Foster & Humphrey
1995, James & Stuart-Smith 2000, Miller et al.
2001, Millspaugh & Marzluff 2001). Radio-
tracking also facilitates studying the importance
of wildlife underpasses for dispersing animals,
which is important, as it is assumed that dispers-
ing animals will find it more difficult to discover
an underpass than local animals. Hence, the ef-
fects of wildlife underpasses on the persistence
of (meta)populations will be better understood
(Chruszcz et al. 2003, Veenbaas et al. 2003).
Such studies can also help in the identification of
locations for the construction of new wildlife un-
derpasses, by using knowledge about successful
or unsuccessful railroad crossing locations in 
areas where the viability of the population is at
risk (Romin & Bissonette 1996, van der Grift &
Pouwels 2006).
Special research attention is recommended for
the effect of fencing on crossing rates through
underpasses. Fences can either enhance or re-
duce population viability, depending on the
degree of railroad avoidance of a species and the
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mortality rates of animals that try to cross the
tracks (Jaeger & Fahrig 2003). Hence, conclu-
sions about the need for fenced, or fenceless,
railroad corridors can only be drawn if all small
mustelid crossings (successful or unsuccessful)
are known, both through the underpasses and
across the tracks. A first step may be to compare
crossing rates in underpasses before and after the
construction of fences.
The construction and maintenance of animal-
proof fences is costly. Hence, if animals can be
encouraged to use underpasses without need for
guiding fences, this would be an important ad-
vantage. Different measures for optimising un-
derpass use, without the construction of animal-
proof fences, may be considered. Changes in the
landscape around underpasses may positively af-
fect their use. These could include the develop-
ment of guiding landscape elements and cover at
underpass entrances. Other measures could in-
volve a decrease in the distance between under-
passes, or the removal of natural cover close to
the transport corridor at sections between
wildlife crossing structures (see also Huijser
2000). Experiments with such measures are
recommended, with attention paid to a variety of
species, because of differences in behaviour and
preferences.
Conclusions
This study shows that small rectangular wildlife
underpasses have the potential to restore habitat
connectivity and reduce traffic-related mortality
for a variety of small vertebrates, including small
mustelids. Even without the construction of ani-
mal-proof fences, the studied underpasses were
used frequently by weasel/stoat. No data exist on
the number of crossings over the railroad tracks
and in consequence the proportion of crossings
that take place through the underpasses can not
be estimated. The high crossing rates suggest
that the small mustelids consciously use under-
passes, despite the absence of fences, to avoid
crossing the inhospitable railroad clearing.
The small sample number (n=14 underpasses)
and short research period (8 weeks) of this pilot-
study, the absence of data on the behaviour of the
animals inside the underpasses (crossings versus
visits), and the lack of information about the
densities of small mustelids within the study
area, force us to be cautious in our conclusions
about factors affecting the performance of wild-
life underpasses. Our study does, however, indi-
cate the importance of landscape elements in
providing cover close to underpass entrances.
The number of crossings by small mustelids is
likely to increase when shrubs, hedges and trees
are close by. By contrast, crossing rates are ex-
pected to be lower when underpasses are situated
close to buildings. Long-term monitoring of
wildlife crossing structures, preferably com-
bined with capture-mark-recapture or radio-
tracking studies, is needed to verify these con-
clusions and to be able to predict the impact of
underpass use on population viability of small
mustelids.
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Samenvatting
Het effect van landschappelijke kenmerken
op het gebruik van kleine faunatunnels door
wezel (Mustela nivalis) en hermelijn (Mustela
erminea)
Steeds vaker worden faunapassages, zoals eco-
ducten en faunatunnels, aangelegd om de bar-
rièrewerking van verkeers- en spoorwegen te
mitigeren en de uitwisseling van dieren tussen
leefgebieden aan weerszijden van de infrastruc-
tuur te herstellen. Onderzoek heeft aangetoond
dat dergelijke faunavoorzieningen door een scala
aan zoogdiersoorten wordt gebruikt, inclusief
wezel (Mustela nivalis) en hermelijn (Mustela er-
minea). Er is echter weinig bekend over welke
kenmerken van faunapassages en het direct aan-
grenzend landschap de acceptatie en het gebruik
van de voorzieningen door kleine marterachtigen
beïnvloeden. Wij onderzochten het effect van
landschapsvariabelen op het gebruik door kleine
marterachtigen van 14 kleine faunatunnels onder
een viersporige spoorlijn tussen Boxtel en Eind-
hoven. We gebruikten sporenplaten om passages
van dieren door de tunnels gedurende acht weken
vast te stellen. We onderzochten drie landschaps-
variabelen: afstand tot het dichtstbijzijnde dek-
kingbiedend landschapselement (>1.5 m), af-
stand tot de dichtstbijzijnde bebouwing en
afstand tot de dichtstbijzijnde weg, parallel aan
de spoorlijn. Lengte en openheid van de fauna-
tunnels, het percentage van de tunnels dat is afge-
dekt met lichtroosters en het gemiddelde aantal
passages per dag van diersoorten (hier: huiskat en
vos) die prederen op kleine marterachtigen zijn in
de studie meegenomen als co-variabelen. Kleine
marterachtigen maakten gebruik van 11 fauna-
tunnels met een totaal van 146 passages (~15%
van alle passages). We vonden een significante
negatieve correlatie tussen het gebruik van de
tunnels door kleine marterachtigen en de afstand
tot dekking, terwijl er een indicatie was voor een
positieve correlatie tussen het gebruik en de af-
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stand tot de dichtstbijzijnde bebouwing. Er is
geen correlatie gevonden met de afstand tot de
dichtstbijzijnde parallelweg, het gebruik door
predatoren of een van de structuurkenmerken van
de faunatunnels. Een correlatie met structuurken-
merken was ook niet de verwachting, omdat bij
de selectie van faunapassages het streven was ge-
weest om verschillen in structuurkenmerken mi-
nimaal te houden. Voor toekomstig onderzoek
naar factoren die het functioneren van faunapas-
sages beïnvloeden adviseren we onderzoek naar
(verschillen in) populatiedichtheden in de studie
op te nemen, evenals onderzoek naar bewegingen
van individuele dieren, het effect van rasters op
het gebruik van de tunnels, het belang van fauna-
passages voor dieren op dispersie en experimen-
ten waarbij landschapsvariabelen rond faunapas-
sages kunstmatig worden aangepast.
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